The ionic liquid of 1-allyl-3-ethylimidazolium chloride ([AEIM]Cl) was synthesized and its chemical structure was confirmed. Dissolution of microcrystalline cellulose (MCC) in [AEIM]Cl by microwave heating method was researched. Acrylamide (AM) was grafted onto the dissolved MCC with initiator in [AEIM]Cl and aqueous medium respectively. The effect of temperature, initiator and its dosages on monomer conversion and grafting efficiency was studied. The results showed that [AEIM]Cl was a good solvent for MCC and dissolution rate was the highest (28.8%) when the MCC pretreated with 15% NaOH under the high pressure. Graft copolymer prepared by AM and MCC in [AEIM]Cl had higher monomer conversion and grafting efficiency than in aqueous medium. The best condition for preparing graft copolymer was that potassium persulfate was used as initiator with the dosage of 1g/L under the temperature of 45 °C-50 °C. Spectra of FT-IR had proved that AM was grafted onto MCC. The thermal stability of MCC improved after grafting, and the crystal form was destroyed thoroughly.
Introduction
Cellulose is the richest renewable resource in nature; it has been of profound theoretical and practical significance to develop and utilize environment-friendly natural materials, such as cellulose and its graft copolymers etc [1] .There are only a few solvents, such as N-methylmorpholine-N-oxide (NMMO) and mixtures of lithium chloride (LiCl) in N,N -dimethylacetamide (DMAc) that can be used for cellulose, but they are unstable, toxic and difficult to reclaim [2] [3] , hence searching of environment-friendly solvent is crucial for cellulose utilization.
Ionic liquid is one of the new fields of study in green chemistry [4] , which has caught attention of the specialists [5] for their characteristics of being an excellent solvent, strongly polar, low melting point, nonvolatile, unoxidizable and stable to water and air [6] . Compared with organic solvents, ionic liquid is a direct solvent of cellulose and shows excellent solubility [7] [8] [9] [10] . At the same time, as a homogeneous reaction medium, ionic liquid not only is stable, non-pollutive and recovery-easy, but also is able to promote reaction rate, improve selectivity and exert catalysis. Furthermore, homogeneous reaction has obvious advantages in preparation of environment-friendly cellulose derivatives, which overcomes the disadvantages of heterogeneous reaction. For example, homogeneous reaction can save the amount of reagent, simplify the process, improve the reaction controllability compared with heterogeneous reaction. However, only a few solvents such as DMAc/LiCl solution and some molten salts can be used as homogeneous reaction medium for cellulose derivative [11] .
So far, there are lots of reports on cellulose dissolution or graft copolymerization [12] [13] [14] [15] [16] , but few reports research about dissolution of cellulose and its homogeneous graft copolymerization in ionic liquid. This paper studies the solubility of MCC in [AEIM]Cl, the preparation of graft copolymer of AM and MCC (AM-g-MCC) in the solution, and the optimization of the technologic conditions of graft copolymerization, and analyses of the structure and performance of AM-g-MCC.
Results and Discussion
Effect of the pretreatment methods on crystallinity, degree of polymerization and dissolution rate MCC was pretreated with NaOH under different conditions, and then dissolved in [AEIM]Cl by microwave heating under 400 W and 90 °C. The effect of the pretreatment methods on crystallinity, degree of polymerization (DP) and dissolution rate of MCC were studied. The results are shown in Table 1 . Table1 shows that crystallinity of original MCC was 92.0%, DP and dissolution rate were 306 and 5.2% respectively. Compared with sample 2, 7 and 9, crystallinity of MCC pretreated with deionized water in normal temperature and pressure (sample 2) reached up to 94.9%. This is due to keratinization effect [17] , which is favorable to form intermolecular hydrogen bond and arrange molecule regularly during the drying process for treated MCC. DP of MCC pretreated with deionized water in microwave (sample 7) and high pressure pot (sample 9) decreased; this is because of higher action of crushing and friction between molecules under the conditions of microwave and high pressure.
Tab
MCC is easy to dissolve in [AEIM]Cl when MCC is pretreated by NaOH solution, because NaOH solution could soak the space between molecules of MCC, disrupt interaction of intermolecular and intramolecular hydrogen bonds. Data (sample 2-6) in Table 1 indicate that crystallinity of pretreated MCC declined, and dissolution rate increased gradually with mass fraction of NaOH increasing. When the mass fraction of NaOH was over 15%, the dissolution rate was stable.
When MCC was pretreated with 15% NaOH (mass fraction) in high pressure pot (sample10), crystallinity decreased from 92.0% to 49.2%, DP decreased from 306 to 153, while dissolution rate increased from 5.2% to 28.8%. There were two reasons for the result, on the one hand, alkali had a certain effect of decreasing crystallinity, on the other hand, high temperature and pressure was helpful to destroy the crystal form of cellulose and degrade cellulose, causing the crystallinity and degree of polymerization to decrease greatly, and dissolution rate to increase. Therefore, treating MCC with mass fraction of 15% NaOH in high pressure pot was chosen as the best pretreatment method.
It is generally recognized that, in order to dissolve cellulose, to disrupt its great number of inter-and intramolecular hydrogen bonds is required. In the case of ionic liquid [AEIM]Cl used as a solvent for cellulose, the relatively high chloride concentration and activity in this ionic liquid were thought to play the key role in dissolving cellulose [6] . However, the fact that the chemical structure of cations of solvents will affect the cellulose dissolution should also be considered. The cation [AEIM] + had a smaller ion size due to three carbon atoms and a double bond in N-substituted ethylimidazolium cation of [AEIM]Cl. It caused the free cations to complex with the cellulose hydroxyl oxygen more easily, and the free Cl -ions associated with the cellulose hydroxyl proton, which disrupted hydrogen bonding in cellulose and led to the dissolution of cellulose.
Effect of initiators and dosages on graft copolymerization
Graft copolymer of AM and MCC was prepared in aqueous medium. When K 2 S 2 O 8 was used as the initiator, its performance was stable and the reaction was easy to control, the corresponding monomer conversion and grafting efficiency were higher compared with that initiated by CAN. When CAN was used as the initiator, the reaction temperature was low and the reaction rate was fast, the intrinsic viscosity was higher, but grafting efficiency was lower compared with other initiators, and the reaction was difficult to control. The performance of KMnO 4 /H + was not stable, the dosage was high and the reaction was also hard to control, although graft efficiency was high. So K 2 S 2 O 8 was chosen as the best initiator with the dosage of 1g/L for the graft copolymerization.
Effect of reaction medium and mass ratio on graft copolymerization
In the chosen MCC sample No.10 (Table 1) , the dosage of K 2 S 2 O 8 was 1g/L and reaction temperature was 45 °C. Effects of reaction medium and mass ratio of reaction medium to MCC on graft copolymerization were studied. The results are shown in Table 3 .
Tab. 3. Influence of reaction medium and mass ratio on graft reaction. Graft copolymer of AM-g-MCC could be prepared readily in [AEIM]Cl medium, the monomer conversion, grafting efficiency and intrinsic viscosity were also better than that in aqueous medium. Grafting efficiency was raised about 20% and monomer conversion was raised about 10%, intrinsic viscosity also improved greatly compared with aqueous medium. It is because [AEIM]Cl as medium can dissolve MCC, make active group of MCC participate in the graft copolymerization more easily, and improve grafting efficiency and monomer conversion greatly.
Reaction medium
The mass ratio of [AEIM]Cl to MCC had great effect on monomer conversion, but little influence on grafting efficiency and intrinsic viscosity. The experimental phenomenon also showed that when [AEIM]Cl was used as medium with the mass ratio of 25:1., the reaction was easier to control and AM-g-MCC was easier to prepare, reaction rate was faster and the performance of the synthesized product was better than any other. Based on the comprehensive analysis above, [AEIM]Cl was chosen as reaction medium with the mass ratio of 25:1.
Effect of temperatures on graft copolymerization
In the chosen MCC sample No.10 ( Effects of temperatures on monomer conversion (C) and grafting efficiency (E) was studied, the results are shown in Fig.1 .
The monomer conversion of graft copolymerization (Fig.1 ) increased with reaction temperature rising. When temperature was over 50 °C, monomer conversion tended to be stable. Grafting efficiency was increased and then decreased with reaction temperature rising, which reached highest point at 45 °C. This is because the process of graft copolymerization between cellulose and AM monomer can be divided roughly into three stages. The first stage is initiation period of monomer free radical and the preliminary phase of proliferation for chain free radical. The second stage is the acceleration period in which the chain grows. It is exothermic during the reaction of chain growing, which makes the viscosity of polymerization system increase gradually. The third stage is the slowdown phase for long chain free radical termination. In a certain temperature range, if temperature is increased reasonably, it makes the number of free radicals increase in the preliminary stage, so that monomer conversion and grafting efficiency are increased. But if the temperature continues to rise (more than 50°C), it will cause the reacting system to locally overheat when the temperature reaches the polymerization critical temperature, hence the chains of free radical are hard to grow. At the same time, the free radicals produced by oxidation of the K 2 S 2 O 8 and the transfer of their chains will make active groups of monomer to increase, which promotes the monomer conversion and reduces the grafting efficiency Therefore, when K 2 S 2 O 8 is used as the initiator, the best polymerization temperature range is 45 °C ~ 50 °C.
Analysis of structure and property of AM-g-MCC
MCC without any pretreatment (sample 1 in Table 1 ) and its graft copolymer AM-g-MCC were analyzed by FT-IR, XRD and TGA. The results are shown respectively in Fig. 2, Fig. 3 and MCC has typical characteristic peaks of cellulose (Fig. 2) , 3308cm -1 is stretching vibration of O-H in hydrogen bonding, 1565cm -1 is typical stretching vibration of aromatic ring in cellulose, 1169cm -1 is stretching vibration of C-O-C in cellulose, 1060cm -1 is vibration of β-(1,4)-glycosidic bonding, 1375cm -1 is in-plane bending vibration of C-H in -CH 2 -or -CH 3 . Spectrum peak of cellulose in 3343 cm -1 becomes narrow after graft copolymerization, and shifts to high wave number, proving that the effect of hydrogen bonding is weakened. There is an intensive peak in 1670 cm -1 which is typical stretching vibration of -CONH 2 , the peaks in 1169cm -1 and 1060cm -1 do not change. The spectra proves that AM has been grafted onto MCC.
As shown in Fig. 3 , diffraction angles at 14.8°,16.7°,22.8°and 34.7° illustrate that the original microcrystalline cellulose is identified to be a typical cellulose I. High diffraction peak intensity at 002 peak surface (22.8°) simultaneously indicates a strong hydrogen bonding interaction among cellulose. New diffraction peak is found at 9.4 °as a result of certain change of crystal from occurring on the grafted cellulose. Characteristic peaks still remain, respectively, at 002 (23.0°) and 040 (34.5°) peak surface, whereas, a significant decrease in peak intensity is observed, which indicates that grafting upon cellulose has an enormous weakening effect on hydrogen bonding interaction, thus causing amorphous region augments, which proves that the ordered crystal zone is destroyed. Followed by the change of crystal form, therefore, a graft copolymerization reaction occurs between microcrystalline cellulose and acrylamide. Three stages were carried out in the process of thermal degradation of AM-g-MCC.
The first stage was from 35.8 °C to 212.0 °C, where the copolymer lost its water, and the weight loss rate was 9.3%. The second stage was from 212.0 °C to 351.1 °C, the weight loss was attributed to the imido-reaction between amide groups of PAM. the most rapid weight loss was at 290 °C. The last stage was from 351.1 °C to 532.3 °C, which was the stage of thermal degradation of AM-g-MCC and decomposition of framework of PAM [21] and the weight loss rate was 47.7%. The onset temperature of thermal degradation of cellulose after grafting was about 351.1 °C, which was higher than cellulose before grafting (246 °C). The most rapid weight loss was 381 °C, which was higher than cellulose before grafting (353 °C), too. Comprehensive analysis of TG and DTG, the thermal stability of AM-g-MCC has been improved.
Experimental

Materials
Microcrystalline cellulose (MCC), degree of polymerization (DP) 306, Shanghai Hengxin Chemical Reagent Co.Ltd.; N-ethylimdiazole, purity 99%, Linhai Kaile chemical Factory; chloropropene, acrylamide (AM), potassium persulfate (K 2 S 2 O 8 or KPS), KMnO 4 and (NH 4 ) 4 Ce(NO 3 ) 6 were from Sinopharm Chemcial Reagent Co. Ltd.; CH 3 OH, NaOH, ethylenediamine and ethyl ether were analytical reagents (AR) from Shanghai Suyi Reagent Co. Ltd.
Synthesis and chemical structure of [AEIM]Cl
Chloropropene 25.3g (0.33mol) and N-ethylimdiazole 28.8g (0.3mol) were added to round-bottom flask with a reflux condenser for 8 h at 80 °C in water bath with stirring under the protection of N 2 . Table 4 and Table 5 respectively.
Pretreatment of MCC with NaOH under normal temperature and atmospheric pressure
Under the condition of normal temperature and atmospheric pressure, MCC was put into various concentrations of NaOH solutions and kept for 2 h, filtered and washed with distilled water until the water becomes neutral [18] , then washed the MCC with ethyl alcohol, dried it in vacuum oven under the condition of 70 °C, 0.04 MPa for 12 h.
Pretreatment of MCC with NaOH in microwave
MCC and deionized water or 15% NaOH solution were added into a vessel and stirred the contents to obtain an uniform system, then put the vessel into a microwave oven (360 W, 60 °C) for 5 min, filtered and washed with distilled water for pretreated MCC until neutrality [19] , then washed by ethyl alcohol, dried in a vacuum oven under the condition of 70 °C, 0.04 MPa for 12 h.
Pretreatment of MCC with NaOH in high pressure pot
MCC and deionized water or 15% NaOH solution 40mL were added into a high-pressure pot (60 mL), stirred to uniformity, sealed the pot and dried for 2 h at 140 °C in an Electronic constant temperature oven, filtered and washed with distilled water for pretreated MCC until neutrality, then washed by ethyl alcohol, dried in vacuum oven under the condition of 70 °C, 0.04 MPa for 12 h.
Dissolution of MCC in [AEIM]Cl by microwave heating
g [AEIM]
Cl was added into round-bottom flask, which was located in microwave oven, put MCC, quantified previously, into the flask in the batching ways, stirred and dissolved under the power of 400 W and temperature of 90 °C. After the first batch of MCC dissolved completely, put another one, until more MCC could not be dissolved in 
Regeneration of MCC and recycling of [AEIM]Cl
Water was added to the system of cellulose ionic liquid solution. 
Synthesis and Purification of AM-g-MCC
[AEIM]Cl and MCC (W 0 ) were added in a certain mass ratio into three-necked flask, which was then moved into an microwave oven for dissolving under 400 W and 90 °C for 1 h, then transfered the flask into water bath with reflux condensing tube, the temperature was adjusted according to initiators. Put N 2 into the flask to drive O 2 out before adding initiator. Monomer of AM (W n ) was added dropwise into the mixture with constant pressure funnel, and the dropping rate was controlled to avoid the homo-polymerization, the mass fraction of AM was 25%, and the mass ratio of AM to MCC is 4:1. The reaction was stopped after 3 h, and the reactant was aged for 24 h before purification.
Two steps for purification of AM-g-MCC. First, AM-g-MCC was washed with CH 3 OH to remove [AEIM]Cl and AM monomer, then dried it in a vacuum drying oven under 60 °C, 0.08 MPa for 24 h, the raw product was weighed as W 1 . Second, put the raw product in a Soxhlet extractor and it was extracted with CH 3 COCH 3 for 48 h to remove the homo-polymer, the remaining product was dried in a vacuum drying oven under 60 °C,0.08 MPa for 24 h, the refined product was weighed as W 2 . The intrinsic viscosity of AM-g-MCC was determined according to GB12005.1-89. The effect of graft reaction was measured by monomer conversion (C) and grafting efficiency (E). They were calculated by the formulas:
Monomer conversion (%)=(W 1 -W 0 )/W n ×100%
Grafting efficiency (%) = (W 2 -W 0 )/ (W 1 -W 0 ) ×100%
where W 0 -----Total MCC mass, W 1 -----Mass of raw product of AM-g-MCC, W 2 -----Mass of refined product of AM-g-MCC, W n -----Total monomer mass.
Measurements
The chemical structure of [AEIM] Cl were confirmed by MAGNA-IR750 Fourier Transform Infrared Spectroscopy and AVANCE AV-400 Super-conducting Fourier Digital NMR spectrometer. MCC was dissolved by NJL 07-3 Microwave Oven, and the change of characteristic group, crystallinity and thermal stability of AM-g-MCC were analyzed by MAGNA-IR750 FTIR spectrometer, D/Max-rB X-ray diffraction and TGA-50H Thermo gravimetric analyzer respectively.
